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Abstract.—Pakistan has more than 40 species of venomous snakes. One of them, the Common Krait 

(Bungarus caeruleus), is responsible for most of the reported snake bites followed by Russel’s Viper, Saw- 

scaled Viper, and Black Cobra. Molecular studies not only help in correctly identifying organisms but also in 
finding the phylogenetic relationships and diversity among and between them. Morphological studies can be 

supplemented with confirmatory molecular data to make them more authentic and accurate. This study is the 

first to characterize the genetic diversity and phylogenetic relationships of Common Kraits from Pakistan, 
which will help in developing effective strategies for managing snake bites through effective antivenom 

development. Tail tip biopsies of 25 Common Kraits were collected from different cities in Pakistan. The whole 

DNA was extracted. Four mitochondrial (ND4, Cytochrome b, 12S rRNA, and 16S rRNA) and three nuclear 

protein coding (C-mos, RAG-1, and NT3) gene fragments were amplified using specific PCR primers. The 

amplified DNA was sequenced by Sanger di-deoxy sequencing. Forward and reverse sequences were cleaned 

and contiged using Sequencher 5.0 software. DNA data were aligned and concatenated using MEGA 6.0 and 
SequenceMatrix software, respectively. Partition Finder software was used for obtaining the best partitioning 

scheme and evolutionary models. Concatenated maximum likelihood and Bayesian phylogenetic trees were 

constructed using RaxML and MrBayes software. The same alignments were used to perform DNA polymorphism 
analysis using DnaSP 5.0 software. A percent identity matrix was created for all sequences using the online 

bioinformatics tool, MUSCLE. Homology was presented in tabular form, showing the similarity among different 
species of genus Bungarus. All Bungarus species were differentiated into four groups. Common Krait (B. 

caeruleus) from Pakistan showed close relationships with B. sindanus and B. ceylonicus, as one monophyletic 

group. The first clade included B. candidus (Indonesia, Thailand, Vietnam, and Laos), B. multicinctus (China, 

Taiwan, and Burma), and B. niger (Nepal). The second clade included B. sindanus and B. caeruleus (Pakistan), 

and B. ceylonicus (Sri Lanka). The third clade included B. fasciatus (Thailand and Indonesia), while the fourth 

clade included B. bungroides (China) and B. flaviceps (Malaysia and Indonesia). This study traces the diversity 
and phylogenetic relationships of the Pakistani elapid, Common Krait, showing the considerable inter- and 

intra-specific variations from different geographical regions of the world. 
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Introduction 

Snakes are legless carnivorous reptiles of suborder 

Serpentes, and their lack of eyelids and external ears 

distinguish them from legless lizards (Reeder et al. 2015). 

Except Antarctica and some other large islands, like 

Ireland, Iceland, Greenland, the Hawaiian archipelago, 
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and New Zealand islands, snakes are found everywhere 

in the world (Roland 1994). South Asia is the region 

most affected with venomous snake bites. For example, 

the World Health Organization reports 35,000 to 50,000 

deaths annually in India (Chippaux 1998; Pyron et al. 

2013), and Pakistan reports 40,000 snake bites every 

year that result in 8,200 fatalities (Pyron et al. 2013). 

December 2019 | Volume 13 | Number 2 | e205 



Bungarus caeruleus in Pakistan 

=a 
Sie Mth ee A ipl Bieareeeed, 

Daéytundi 

AFGHANISTAN 

Kondahér 

fe 
Karachi «sac! 

+ \ieor 

Kunduz 
aaa (STINK IAN 

a) So 
| : 

UMEDECONTIOL) 

Pua —_— 

. (Tt 
iis 2 

Chandigarh ; 

ero 

2 
Daath | 

“Ll Neuw Dethi 

aie 

/alpur 

= Algae Po cr 

Fig. 1. Sample collection sites in Pakistan for Common Krait (Bungarus caeruleus). 

Venomous snakes in Southeast Asia belong to families 

Elapidae (cobras and kraits) and Viperidae (typical vipers 

and pit vipers). A study of hospital-admitted snakebite 

cases in Pakistan revealed less than 5% neurotoxic 

snakebites, and the rest were viper bites (Nisar et al. 2009). 

Kraits, genus Bungarus, are identified by alternating 

black and white cross-bands across the body, and are found 

in all South Asian countries except the Philippines. Members 

of genus Bungarus are moderate to large sized elapids 

distributed in Pakistan and eastward through southern Asia 

to Indonesia (Smith 1943). Currently, 12 species of kraits are 

recognized (Yulin et al. 2018), including three in Pakistan. 

In Pakistan, Common Kraits (Bungarus caeruleus) are 

reported throughout Punjab, Khyber Pakhtoonkhwa 

(KPK), Azad Kashmir, Sindh, and Southern Balochistan. 

Common in the Indus valley, this 1s the only species of 

kraits found in Rawalpindi and Islamabad (Khan 2002a; 

Oh et al. 2019). Sindhi Krait (B. sindanus) is prevalent in 

Tharparkar, Bahawalnagar, and Bahawalpur. Northern 

Punjab Krait (B. razai) is reported from Mianwali (Khan 

2002b). Determining the relationships among the members 

of Elapidae can help in understanding their distribution and 

diversity. Many studies have focused on the evolutionary 

relationships of kraits. 

Before the widespread use of DNA sequencing, 

systematics and taxonomy were used to infer phylogenies 

among species in order to explain their relationships. 

Now many fields in biology are using phylogenies for a 

wide variety of purposes, such as examining paralogous 

relationships, population histories, dynamics of pathogens 

with respect to their evolution and epidemiology (Zhou 

et al. 2018; Blanquart 2019), the ontogeny of body 

cells during development, and the differentiation of 

tumors (Kester and van Oudenaarden 2018). Variations 

in nucleotide sequences can construct phylogenies for 
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inferring relationships among the compared sequences. 

The topology of phylogeny gives some estimates about 

the mutation rates, time-scales of evolutionary events, 

and prehistoric movement among different geographical 

regions (Soroka and Burzyfski 2018). Phylogenetics 

shows relationships among organisms and genes 

(Friberg et al. 2019), and can give a clearer picture of 

the biodiversity, biogeography, and evolution of many 

characters in related groups (Pilfold et al. 2019; Grismer 

and Davis 2018; Silva et al. 2019). 

The use of mitochondrial DNA data for studying 

animal evolution has become a powerful tool in 

the last decade. Molecular biology has helped in 

these mitochondrial DNA studies to give insights 

into population structure, gene flow, hybridization, 

biogeography, and phylogenetics (Chandrasekaran et 

al. 2019; Soroka and Burzynski 2018). Evolutionary 

studies give comparisons of mitochondrial genome 

organization and function while molecular studies 

help to improve these evolutionary studies (Ng et al. 

2019). Nuclear encoded genes seem to be a strong 

source of phylogenetic information. They can be 

more useful for showing the divergence of those 

genes whose multiple substitutions may obscure 

clear phylogenetic signals. 

This is the first study from Pakistan focusing on 

genetic characterization, biodiversity, and molecular 

phylogenetics of the Common Krait (Bungarus 

caeruleus). 

Materials and Methods 

A collection of 25 Common Kraits (Bungarus caeruleus) 

was obtained from reptile breeders in different cities in 

Pakistan (see Fig. 1, Table 1). Scalation patterns and 
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Table 1. Common Krait (Bungarus caeruleus) samples used in this study, and their location information. 

Sample ID 

BC-1 

BC-2 

BC-3 

BC-4 

BC-5 

BC-6 

BC-7 

BC-8 

BC-9 

BC-10 

BC-11 

BC-12 

BC-13 

BC-14 

BC-15 

BC-16 

BC-17 

BC-18 

BC-19 

BC-20 

BC-21 

BC-22 

BC-23 

BC-24 

BC-25 

tail tip biopsies were obtained from each specimen. 

After DNA extraction (Sambrook and Russel 2001), 

the Polymerase Chain Reaction (PCR) primers of 

representative mitochondrial genes (ND4, Cytochrome 

b, 12S rRNA, and 16S rRNA) and nuclear genes 

Locality 

Jallo Park, Lahore, Punjab, Pakistan 

Balochanwali, Bahawalpur, Punjab, Pakistan 

Qila Ram Qaur, Hafiz Abad, Punjab, Pakistan 

Yazman Housing Society, Yazman, Punjab, Pakistan 

Changa Manga Forest, Kasur, Punjab, Pakistan 

Lal Suhanra National Park, Bahawalpur, Punjab, Pakistan 

Rahim Yar Khan Zoo, Rahim Yar Khan, Punjab, Pakistan 

Chak Risalwala, Faisalabad, Punjab, Pakistan 

Qila Ram Qaur, Hafizabad, Punjab, Pakistan 

New City Housing Society, Jaranwala, Punjab, Pakistan 

Chak 126 GB Pind Janjua, Jaranwala, Punjab, Pakistan 

Rahim Yar Khan Zoo, Rahim Yar Khan, Punjab, Pakistan 

Yazman Housing Scheme, Yazman, Punjab, Pakistan 

Ayub National Park, Jehlam Road, Punjab, Pakistan 

Tibbi Balochan, Sadiqabad, Punjab, Pakistan 

Maraghzar Colony, Lahore, Punjab, Pakistan 

Lahore Zoo, Punjab, Pakistan 

Lahore Zoo, Punjab, Pakistan 

Raza Garden Phase 1, Sargodha, Punjab, Pakistan 

Pir wala, Jhang, Punjab, Pakistan 

Noor Garden, Okara, Punjab, Pakistan 

Chenab Park, Multan, Punjab, Pakistan 

Kalarwala, Chiniot, Punjab, Pakistan 

Qadir Abad Tiba, Sadiqabad, Punjab, Pakistan 

Chenab Park, Gujranwala, Punjab, Pakistan 

Latitude 

31°34'17.29"N 

29°28'56.90"N 

32°4'57.12"N 

29°7'3.00"N 

31°4'54.19"N 

29°19'1.36"N 

28°24'14.30"N 

31°22'4.90"N 

32°4'57.12"N 

31°19'16.60"N 

31°21'38.48"N 

28°24'14.30"N 

29°6'54.39"N 

33°34'19.00"N 

28°16'35.01"N 

31°30'8.71"N 

31°33'23.78"N 

31°33'23.78"N 

32°2'51.23"N 

31°1'42.61"N 

30°48'48.38"N 

30°4'29.90"N 

31°28'26.21"N 

28°16'54.33"N 

30°4'29.90"N 

Longitude 

74°28'36.78"E 

71°59'41.86"E 

73°40'49.02"E 

71°45'6.73"E 

73°59'53.49"E 

71°54'16.43"E 

70°15'32.63°E 

73°1'24.80"E 

73°40'49.02"E 

73°23'21.44"E 

73°25'28.74"E 

70°15'32,63"E 

71°45'17.40"E 

73°4'59.00"E 

70°8'6.58"E 

74°14'55.48"E 

74°19'33.73"E 

74°19'33.73"E 

72°37'31.68"E 

72°16'45.51"E 

73°28'38.33"E 

71°18'51.93"E 

72°33'56A1"E 

70°7'45.48"E 

71°18'51.93"E 

(C-mos, RAGI, and NT3) from previous studies were 

used for the amplification of selected regions through 

PCR (see Table 2). After amplification, amplicons were 

sequenced bi-directionally by Big DyeTM Terminator 

on an ABI 3130XL Genetic analyzer. Forward and 

Table 2. Mitochondrial and nuclear protein coding gene primers for Common Krait (Bungarus caeruleus). 

Sr. No 

1 

Amphib. Reptile Conserv. 205 

Gene Name Primer Sequence Source 

Cyt.b 5'-TGACTTGAARAACCAYCGTTG-3' Palumbi 1996 

5'-TGAGAAGTTTTCYGGGTCRTT-3' Parkinson et al. 2002 

16S rRNA 5’-CGCCTGTTTAYCAAAAACAT-3 Vences et al. 2005 

5’-CCGGTCTGAACTCAGATCACGT-3’ Vences et al. 2005 

12S rRNA 5’>GTACACTTACCTTGTTACGACTT 3’ Knight and Mindell 1993 

5’ AAACTGGGATTAGATACCCCACTAT3?’ Knight and Mindell 1993 

ND4 5’-CATTACTTTTACTTGGATTTGCACCA-3’ Arevalo 1994 

5’-CACCTATGACTACCAAAAGCTCATGTAAGC-3’ Arevalo 1994 

RAG-1 5’ AGCTGCAGYCARTAYCAYAARATGTA3’ Chiari et al. 2004 

S’AACTCAGCTGCATTKCCAATRTCA3’ Chiari et al. 2004 

NT3 S’ATATTTCTGGCTTTTCTCTGTGGC3’ Townsend et al. 2008 

5’GCGTTTCATAAAAATATTGTTTGACC3’ Townsend et al. 2008 

C-mos 5' CATGGACTGGGATCAGTTATG 3' Lawson et al. 2005 

5'CCTTGGGTGTGATTTTCTCACCT 3' Lawson et al. 2005 
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Fig. 2. Mitochondrial and nuclear genes (ND4, Cyt. b, COI, 12S rRNA, 16S rRNA, C-mos, RAG-1, NT3, and BDNF) based 

Maximum Likelihood phylogeny for Common Krait (Bungarus caeruleus). 

reverse sequences were assembled through Sequencher 

5.0 software. The resulting contigs (sequences) were 

given specific identities. These contigs were then aligned 

with other reported sequences obtained from the NCBI 

database through MEGA (v 6.0, Tamura et al. 2013) 

using the ClustalW tool for further data analyses. The 

nucleotide data for each gene were concatenated using 

SequenceMatrix (v1.7.8, Vaidya et al. 2011) software. 

The concatenated data were partitioned through 

PartitionFinder (v1.1.1, Lanfear et al. 2012) to give 

the best partition scheme and evolutionary models for 

phylogenetic analyses. 

Two types of phylogenetic analyses, 1.e., Maximum 

Likelihood (ML) and Bayesian inference (BI), were 

performed through RaxML (v8.0, Stamatakis 2014) 

and MrBayes (v3.2, Ronquist and Huelsenbeck 2012) 

software. The resulting phylogenetic trees were 

visualized and saved using Figtree (v1.4.3, http://tree. 

bio.ed.ac.uk/software/figtree/) software. DnaSP (v5.0, 

Librado and Rozas 2009) was used for analyzing 

polymorphic sites and DNA polymorphism, to determine 

the variation and genetic biodiversity in Common Krait 

(Bungarus caeruleus) in relation to other species of the 

genus Bungarus. Percent identity matrices were also 

constructed by comparing different species of every 

snake genus using online tool MUSCLE (available from 

the European Molecular Biology Laboratory, https:// 

www.ebi.ac.uk/Tools/msa/muscle/). 

Results 

DnaSP software was used for analyzing the polymorphism 

of the mitochondrial and nuclear genes as shown in Table 

3. The ribosomal RNA coding genes showed the least 
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variation, with lower numbers of variable sites, mutations, 

and parsimony informative sites. The polymorphism 

data show the variations in different mitochondrial and 

nuclear genes with their conservation among Common 

Krait and other species of genus Bungarus. In addition, 

no significant variations were found among Common 

Kraits from different cities in Pakistan. 

The online MUSCLE tool was used to find relationships 

among Bungarus species on the basis of homology in the 

mitochondrial and nuclear genes (Table 4). This table 

shows the conservation patterns in mitochondrial and 

nuclear protein coding genes of various Bungarus species. 

Phylogenetic analysis of Common Krait (Bungarus 

caeruleus) from Pakistan was conducted using 

mitochondrial and nuclear protein coding genes. In 

this study, Black Cobra (Naja naja) from Thatta Sindh 

was used as the outgroup for constructing maximum 

likelihood and Bayesian phylogenies. The best partition 

scheme and evolutionary models were used to infer the 

phylogenetic relationships of Common Krait in Pakistan 

with other members of genus Bungarus around the 

world. Concatenated Maximum likelihood and Bayesian 

Inference results gave very similar phylogenies (Figs. 

2-3). All Bungarus species were divided into four main 

clades. The first clade included B. candidus (Indonesia, 

Thailand, Vietnam, and Laos), B. multicinctus (China, 

Taiwan, and Burma), and B. niger (Nepal). The second 

clade included B. sindanus and B. caeruleus (Pakistan), 

and B. ceylonicus (Sri Lanka). The third clade included 

B. fasciatus (Thailand and Indonesia), while the fourth 

clade included B. bungroides (China) and B. flaviceps 

(Malaysia and Indonesia). The first and second clades 

showed a sister clade relationship with strong support 

(ML BS = 100, BI PP = 1). Bungarus candidus and 
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Fig. 3. Mitochondrial and nuclear genes (ND4, Cyt b, COI, 12S rRNA, 16S rRNA, C-mos, RAG-1, and NT3) Bayesian phylogeny 
for Common Krait (Bungarus caeruleus). 

B. multicinctus probably diverged as separate species 

only recently. Bungarus candidus, B. multicinctus, and 

B. niger showed highly supported sister relationships 

with a complex pattern of divergence (BI PP = 1.0 

ML BS = 90). In the second clade B. sindanus and B. 

caeruleus have been reported from Pakistan, thus they 

are sympatric species, while B. ceylonicus (from Sri 

Lanka) also showed a significant difference with strong 

support through Maximum likelihood and Bayesian 

inference phylogenies (PP = 1.0 and BS = 100). Pyron et 

al. (2012) also revealed the same relationships between 

B. caeruleus, B. sindanus, and B. ceylonicus. 

In addition to the molecular data obtained, examination 

of the 25 B. caeruleus specimens showed varying numbers 

of ventral scales (207—218), 15 rows of mid-body scales, 

and average numbers of subcaudals of 41-47. 

Discussion 

Elapids comprise 300 of the 2,500 known species 

of snakes (Leviton et al. 2018). The Southern Asian 

elapids include cobras (Naja and Ophiophagus), kraits 

(Bungarus), long-glanded snakes (Maticora), and Asian 

coral snakes (Calliophis) [Sanz et al. 2019]. The uncertain 

phylogenetics of elapids has been a major factor for the 

varying numbers of identified species of elapids in the 

past (Mirtschin et al. 2017). 

This study aimed to characterize the genetic 

biodiversity and phylogenetic relationships of Common 

Krait (Bungarus caeruleus) as there is a great deal of 

unpublished data on this species. Here, mitochondrial 

and nuclear protein coding genes were used to construct 

the phylogeny of Common Krait from Pakistan along 

with some morphological characterization. One variable 

character is the number of ventral scales that ranges from 

207-218 among the 25 specimens in this study. Khan 

(1985) wrote a note on the taxonomic status of Common 

Krait and Sindh Krait (B. sindanus), and by comparing 

46 specimens, Khan noted an almost similar range of 

207-218 ventral scales. The B. caeruleus in this study 

had 15 rows of mid-body scales which is the same as 

described by Khan (1985). Bungarus caeruleus and B. 

Table 3. Polymorphism in mitochondrial and nuclear protein coding genes of Common Krait (Bungarus caeruleus). 

Parameters ND4 Cytochrome b 

Total number of sites 619 702 

Variable number of sites 302 325 

Number of mutations 302 202 

Singleton variable sites 43 51 

Parsimony informative sites 196 151 

Segregating sites 159 151 

Synonymous changes 176 156 

Number of haplotypes 17 16 

Haplotype diversity 0.866 0.615 

Nucleotide diversity 0.08243 0.09528 
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128 rRNA 16S rRNA C-mos RAG-1 NT3 

650 520 586 802 425 

270 19] 419 665 325 

63 47 12 20 32 

20 26 09 19 03 

43 21 03 01 28 

00 00 12 19 31 

00 00 06 03 23 

08 10 04 03 05 

0.686 0.521 0.333 0.145 0.754 

0.03617 0.03451 0.00288 0.00226 0.03389 
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Table 4. Percent homology of mitochondrial and nuclear genes for Common Krait (Bungarus caeruleus) from Pakistan among 

various Bungarus species and countries, sorted by decreasing Cytb homology. The asterisk (*) indicates the sequence from this 

study, all others are based on GenBank sequences. 

Homology percentages of nine representative genes 

Species Country Cytb ND4 128 

B. caeruleus* Pakistan 100 100 100 

B. caeruleus Pakistan 99.84 99.51 100 

B. ceylonicus NA 89.21 87.46 

B. candidus Indonesia 89.19 84.53 

B. niger Nepal 86.31 84.36 

B. sindanus Pakistan 86.31 85.5 

B. candidus Thailand 85.35 83.88 

B. multicinctus Burma 85.19 84.34 

B. multicinctus China 85.19 85.18 

B. candidus Vietnam 85.19 85.67 

B. multicinctus Taiwan 85.02 85.5 

B. fasciatus Thailand 83.74 83.55 

B. fasciatus Indonesia 83.57 83.39 

sindanus had 15 and 17 rows of mid-body scales, with 

the central larger row being hexagonal and white in color. 

Boulenger (1897) also observed 15 rows of mid-body 

scales in Indo-Pakistan Common Krait while 17 mid- 

body scale rows were reported in B. sindanus from Indus 

Basin. The average number of sub-caudals observed here 

is 41-47 which is within the range observed by Khan 

(1985): 40-54 in males and 30—54 in females. Boulenger 

(1897) reported small eyes with round pupil which is 

similar to those observed in this study. 

There are also reports about the distribution of B. 

caeruleus in Indo-Pakistan subcontinent. Eastward 

it is found in Assam and Bengal (Jamal et al. 2018; 

Ganesh and Vogel 2018); westward to the Pakistan- 

Iran Border; Shockley (1949) and Kral (1969) reported 

it in Afghanistan; Smith (1943) reported it southward 

in Peninsular India and the Andaman Islands; and de 

Silva (1981) also reported it in Sri Lanka. This study is 

one attempt to infer the phylogenetics of B. caeruleus 

in Pakistan, but suggests more studies from the above- 

mentioned parts of the B. caeruleus distribution are 

needed, as there are almost no studies from other parts of 

of the Indo-Pakistan subcontinent on the phylogenetics 

of the Common Krait B. caeruleus. 

Determining the relationships among the members 

of Elapidae can help in understanding the distribution 

and diversity of elapids. Many studies have focused 

on evolutionary relationships of elapids, and this study 

examined the molecular phylogenetics of B. caeruleus 

from Pakistan. The second clade (Figs. 2—3) includes B. 

sindanus and B. caeruleus (Pakistan), and B. ceylonicus 

(Sri Lanka). Bungarus sindanus and B. caeruleus are 

sympatric species, while B. ceylonicus also showed a 

significant difference with strong support through the 

Maximum likelihood and Bayesian inference phylogenies 

Amphib. Reptile Conserv. 
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(PP= 1.0 and BS = 100). Pyron et al. (2012) also revealed 

the same relationships between B. caeruleus, B. sindanus, 

and B. ceylonicus. They presented a large-scale phylogeny 

of squamate reptiles for future comparative studies, and 

a revised classification of squamates at the family and 

subfamily levels so that taxonomy might be brought 

in a line with data from the new phylogenetic studies. 

Their phylogeny shows the same relationship (ML BS = 

100, BI = 1) between B. caeruleus, B. sindanus, and B. 

ceylonicus as is shown in this study through Maximum 

Likelihood and Bayesian phylogenies. 

Conclusions 

Most of the currently recognized krait species 

(genus Bungarus) are poorly understood. This study 

characterized the genetic biodiversity and phylogenetic 

relationships of Common Krait (Bungarus caeruleus) 

from Pakistan showing inter- and intra-specific variations 

among different geographical regions of the world. More 

diverse sampling and a larger number of samples with 

more genomic data could help to further resolve the 

taxonomic status of the Bungarus species in Pakistan. 

This study also provides guidance for the correct 

identification of these snakes with authentication using 

molecular biology tools which will be helpful in the 

development of effective and region-specific antivenoms 

for such venomous snakes. 

Literature Cited 

Arevalo E, Davis SK, Sites JW Jr. 1994. Mitochondrial 

DNA _ sequence divergence and _ phylogenetic 

relationships among eight chromosome races of the 

Sceloporus grammicus complex (Phrynosomatidae) 

December 2019 | Volume 13 | Number 2 | e205 



Ashraf et al. 

in Central Mexico. Systematic Biology 43(3): 387-418. 
Blanquart F. 2019. Evolutionary epidemiology models 

to predict the dynamics of antibiotic resistance. 
Evolutionary Applications 12(3): 365-383. 

Boulenger GA. 1897. A new krait from Sind (Bungarus 
sindanus). Journal of the Bombay Natural History 
Society 11: 73-74. 

Chandrasekaran K, Anjaneyulu M, Choi J, Kumar P, 
Salimian M, Ho CY, Russell JW. 2019. Role of 
mitochondria in diabetic peripheral neuropathy: 
Influencing the NAD+-dependent SIRT1-PGC-1la- 
TFAM pathway. /nternational Review of Neurobiology 
145: 177-209. 

Chiari Y, Vences M, Vieites DR, Rabemananyara F, 
Bora P, Ravoahangimalala OR, Meyer A. 2004. New 
evidence for parallel evolution of color patterns in 
Malagasy poison frogs (Mantella). Molecular Ecology 
13: 3,763—3,774. 

Chippaux JP. 1998. Snake-bites: appraisal of the global 
situation. Bulletin of the World Health Organization 
76: 515-524. 

da Silva WO, da Costa MJR, Pieczarka JC, Rissino J, 

Pereira JC, Ferguson-Smith MA, Nagamachi CY. 

2019. Identification of two independent X-autosome 

translocations in closely related mammalian 

(Proechimys) species. Scientific Reports 9(1): 4,047. 

De Silva A. 1981. Snakebites in Anuradhapura district. 

The Snake 13: 117-130. 

Friberg M, Schwann C, Guimaraes PR, Raguso RA, 

Thompson JN. 2019. Extreme diversification of floral 

volatiles within and among species of Lithophragma 

(Saxifragaceae). Proceedings of the National Academy 

of Sciences of the United States of America 116(10): 

4,406—-4,415. 

Ganesh SR, Vogel G. 2018. Taxonomic reassessment of 

the Common Indian Wolf Snakes Lycodon aulicus 

(Linnaeus, 1758) complex (Squamata: Serpentes: 

Colubridae). Bonn Zoological Bulletin 67(1): 25-36. 

Grismer LL, Davis HR. 2018. Phylogeny and 

biogeography of Bent-toed Geckos (Cyrtodactylus 

Gray) of the Sundaic swamp clade. Zootaxa 4472(2): 

365-374. 

Hoffstetter R, Gasc JP. 1969. Vertebrae and ribs of 

modern reptiles. Pp. 201-310 In: Biology of the 

Reptilia. Volume 1: Morphology. Editors, Gans C, 

Bellairs A, Parsons TS. Academic Press, London, 

United Kingdom. 373 p. 

Jamal Q, Idrees M, Ullah S, Adnan M, Zaidi F, Zaman 

Q, Rasheed SB. 2018. Diversity and altitudinal 

distribution of Squamata in two distinct ecological 

zones of Dir, a Himalayan sub-zone of northern 

Pakistan. Pakistan Journal of Zoology 50(5): 1,835— 

1,839. 

Kester L, van Oudenaarden A. 2018. Single-cell 

transcriptomics meets lineage tracing. Cell Stem Cell 

23(2): 166-179. 

Khan MS. 1985. Taxonomic notes on Bungarus caeruleus 

(Schneider) and Bungarus sindanus Boulenger. The 

Snake 17: 71-78. 

Amphib. Reptile Conserv. 

Khan MS. 2002a. Die Schlangen Pakistans. Edition 

Chimaira, Frankfurt am Main, Germany. 265 p. 

Khan MS. 2002b. A Guide to the Snakes of Pakistan. 

Edition Chimaira, Frankfurt am Main, Germany. 265 p. 

Knight A, Mindell DP. 1993. Substitution bias, weighting 

of DNA sequence evolution, and the phylogenetic 

position of Fea's Viper. Systematic Biology 42: 18-31. 

Kral B. 1969. Notes on the herpetofauna of certain 

provinces of Afghanistan. Zoologiske Listy 18: 55-66. 

Lanfear R, Calcott B, Ho SY, Guindon S. 2012. 

PartitionFinder: combined selection of partitioning 

schemes and substitution models for phylogenetic 

analyses. Molecular Biology and Evolution 29: 

1,695—1,701. 

Lawson R, Slowinski JB, Crother BI, Burbrink FT. 

2005. Phylogeny of the Colubroidea (Serpentes): 

new evidence from mitochondrial and nuclear genes. 

Molecular Phylogenetics and Evolution 37: 581-601. 

Leviton AE, Siler CD, Weinell JL, Brown RM. 2018. 

Synopsis of the snakes of the Philippines. Proceedings 

of the California Academy of Sciences 64(14): 399- 

568. 

Librado P, Rozas J. 2009. DnaSP v5: a software for 

comprehensive analysis of DNA polymorphism data. 

Bioinformatics 25(11): 1,451—1,452. 

Miller MA, Pfeiffer W, Schwartz T. 2010. Creating 

the CIPRES Science Gateway for inference of 

large phylogenetic trees. Pp. 1-8 In: 20/0 Gateway 

Computing Environments Workshop. Institute of 

Electrical and Electronics Engineers, Piscataway, 

New Jersey, USA. 

Mirtschin P, Rasmussen A, Weinstein S. 2017. 

Australia's Dangerous Snakes: Identification, Biology 

and Envenoming. CSIRO Publishing, Melbourne, 

Australia. 432 p. 

Ng YS, DiMauro S, Turnbull DM. 2019. Mitochondrial 

medicine: a historical point of view. Pp. 1-18 In: 

Diagnosis and Management of Mitochondrial 

Disorders. "Editors, Mancuso M, Klopstock  T. 

Springer, Cham, Switzerland. 382 p. 

Nisar A, Rizvi F, Afzal M, Shafi MS. 2009. Presentation 

and complications of snakebite in a tertiary care 

hospital. Journal of College of Physicians and 

Surgeons Pakistan 19: 304-307. 

Oh AMF, Tan CH, Tan KY, Quraishi NH, Tan NH. 

2019. Venom proteome of Bungarus sindanus (Sind 

krait) from Pakistan and in vivo cross-neutralization 

of toxicity using an Indian polyvalent antivenom. 

Journal of Proteomics 193: 243-254. 

Palumbi SR. 1996. Nucleic acids II: the polymerase chain 

reaction. Pp. 205—247 In: Molecular Systematics. 2"4 

Edition. Editors, Hillis DM, Moritz C, Mable BK. 

Sinauer Associates, Sunderland, Massachusetts, USA. 

665 p. 

Parkinson CL, Campbell JA, Chippendale PT. 2002. 

Multigene phylogenetic analysis of pitvipers with 

comments on the biogeographical history of the 

p) 

December 2019 | Volume 13 | Number 2 | e205 



Bungarus caeruleus in Pakistan 

group. Pp. 93-110 In: Biology of the Vipers. Editors, 

Schuett GW, Hoggren M, Douglas ME, Greene HW. 

Eagle Mountain Publishing, Utah, USA. 580 p. 

Pilfold NW, Letoluai A, Ruppert K, Glikman JA, Stacy- 

Dawes J, O’Connor D, Owen M. 2019. Confirmation 

of black leopard (Panthera pardus pardus) living in 

Laikipia County, Kenya. African Journal of Ecology 

57(2): 270-273. 

Pyron RA, Burbrink FT. 2012. Extinction, ecological 

opportunity, and the origins of global snake diversity. 

Evolution 66: 163-178. 

Pyron RA, Burbrink FT, Wiens JJ. 2013. A phylogeny and 

revised classification of Squamata, including 4,161 

species of lizards and snakes. BMC Evolutionary 

Biology 13: 93. 

Reeder TW, Townsend TM, Mulcahy DG, Noonan BP, 

Wood Jr PL, Sites Jr JW, Wiens JJ. 2015. Integrated 

analyses resolve conflicts over squamate reptile 

phylogeny and reveal unexpected placements for 

fossil taxa. PLOS One 10: e0118199. 

Roland B. 1994. Snakes: A Natural History. Sterling 

Publishing, New York, New York, USA. 220 p. 

Ronquist F, Huelsenbeck JP. 2012. MrBayes 3: Bayesian 

phylogenetic inference under mixed models. 

Bioinformatics 19: 1,572—1,574. 

Sambrook J, Russel DW. 2001. Rapid isolation of 

yeast DNA. Pp. 631-632 In: Molecular Cloning, a 

Laboratory Manual. Editors, Sambrook J, Russel, 

DW. Cold Spring Harbor Laboratory, Cold Spring 

Harbor, New York, USA. 721 p. 

Sanz L, Quesada-Bernat S, Ramos T, Casais-e-Silva LL, 

Corréa-Netto C, Silva-Haad JJ, Calvete JJ. 2019. New 

insights into the phylogeographic distribution of the 

3FTx/PLA2 venom dichotomy across genus Micrurus 

in South America. Journal of Proteomics 200: 90-101. 

Shockley CH. 1949. Herpetological notes for Ras Jiunri, 

Baluchistan. Herpetologica 5: 121-123. 

journals. 

Amphib. Reptile Conserv. 

Smith MA. 1943. The Fauna of British India including 

Ceylon and Burma. Taylor and Francis, London, 

United Kingdom. 185 p. 

Soroka M, Burzynski A. 2018. Doubly uniparental 

inheritance and highly divergent mitochondrial 

genomes of the freshwater mussel Unio tumidus 

(Bivalvia: Unionidae). Hydrobiologia 810(1): 239- 

254. 

Stamatakis A. 2014. RAxML version 8: a tool for 

phylogenetic analysis and post-analysis of large 

phylogenies. Bioinformatics 30: 1,312—1,313. 

Tamura K, Stecher G, Peterson D, Filipski A, Kumar 

S. 2013. MEGA6: Molecular Evolutionary Genetics 

Analysis Version 6.0. Molecular Biology and 

Evolution 12: 2,725—2,729. 

Townsend TM, Alegre RE, Kelly ST, Wiens JJ, Reeder 

TW. 2008. Rapid development of multiple nuclear loci 

for phylogenetic analysis using genomic resources: 

an example from squamate reptiles. Molecular 

Phylogenetics and Evolution 47: 129-142. 

Vaidya G, Lohman DJ, Meier R. 2011. SequenceMatrix: 

concatenation software for the fast assembly of 

multi-gene datasets with character set and codon 

information. Cladistics 27: 171-180. 

Vences M, Thomas M, Bonett RM, Vieites DR. 2005. 

Deciphering amphibian diversity through DNA 

barcoding: chances and challenges. Philosophical 

Transactions of the Royal Society of London B. 

Biological Sciences 360(1462): 1,859-1,868. 

Yulin X, Ping W, Guanghui Z. 2018. Molecular 

phylogeny found the distribution of Bungarus 

candidus in China (Squamata: Elapidae). Zoological 

Systematics 43(1): 109-117. 

Zhou P, Fan H, Lan T, Yang XL, Shi WF, Zhang W, Zheng 

XS. 2018. Fatal swine acute diarrhoea syndrome 

caused by an HKU2-related coronavirus of bat origin. 

Nature 556(7700): 255. 

Muhammad Rizwan Ashraf is a scholar at the University of Veterinary and Animal Sciences, 

Lahore, Pakistan. Muhammad has an M.Sc. in Biochemistry and Ph.D. in Molecular Biology and 

Biotechnology. His research interest is reptilian (especially snake) molecular phylogeny and genetic 

biodiversity. Muhammad visited University of Texas at Arlington, Texas, USA as a research scholar 

under the International Research Support Initiative Program, funded by the Government of Pakistan, 

and his Ph.D. work involved four of the most venomous snakes of Pakistan: Black Cobra, Common 

Krait, Saw-scaled Viper, and Russell’s Viper. He is seeking further challenges to expand his skills 

within a progressive and fast-growing environment that uses state-of-art technologies while enhancing 

his proven abilities and dedication to team motivation. 

Asif Nadeem is an Associate Professor at the University of Veterinary and Animal Sciences, Lahore, 

Pakistan. Asif had the privilege of receiving research training from the University of Wisconsin— 

Madison, Wisconsin, USA, and he has maintained a vigorous research program in the genetics of 

animals of agricultural importance. His research has generated many publications in peer-reviewed 

journals, and he has presented his research work at various national and international forums. Dr. 

Nadeem’s efforts were recognized by his receipt of the Research Productivity Award from the Pakistan 

Commission of Science and Technology. He is an internationally known researcher in the field of 

animal genetics and genomics, and has served as an editor and reviewer for many different scientific 

December 2019 | Volume 13 | Number 2 | e205 



Amphib. Reptile Conserv. 

Ashraf et al. 

Eric Nelson Smith is a Professor at University of Texas at Arlington, Texas, USA. Eric’s current 

research interest focuses on the Exploration and Speciation in the Volcanoes of the Indonesian Ring 

of Fire: a Large-Scale Inventory of the Herpetofauna of the Highlands of Sumatra and Java. As a 

benefit to the scientific community, this project is producing modern specimen repositories in the two 

participating countries and web-based resources for identification and conservation, as well as for 

genetic and biodiversity work. Many of these efforts have been directed toward the systematics and 

taxonomy of venomous snakes. Eric has participated in the Threatened Amphibians of the World project 

(https://portals.iucn.org/library/node/9186) and the International Union for the Conservation of Nature 

(IUCN) Red List Assessment of Reptile Species, particularly with species of Asian coral snakes. 

Maryam Javed is an Assistant Professor at the University of Veterinary and Animal Sciences, Lahore, 

Pakistan. She has received many academic and scientific awards, including a gold medal in D.V.M.., Star 

Laureate Award, Nestle Award, Tufail Muhammad Award, Best Student in Academics Award from the 

Chancellor, Governor of Punjab, and the all Pakistan Quid Talent Award. Maryam’s current research 

interest focuses on the identification of genes of economic importance in dairy animals. 

Utpal Smart hails from Pondicherry, a sleepy coastal town (of Life of Pi fame) in southern India. Utpal’s 

formal training in biology began with an M.Sc. in Ecology from Pondicherry University, India, in 2008, 

followed by a Ph.D. in Quantitative Biology from the University of Texas at Arlington, USA, in 2016. His 

doctoral training primarily involved using computational methods to investigate questions in molecular 

ecology using a combination of macro- and micro-evolutionary approaches. As a postdoctoral research 

associate at University of North Texas Center for Human Identification (UNTCHI), Utpal is helping to 

create the Mitochondrial Mixture Database and Interpretation Tool (MMDIT)—a bioinformatic pipeline 

for deconvoluting mitochondrial DNA mixtures and using computational phylogenetic and population 

genetic methods on human microbiome data to leverage them as forensic tools. 

Tahir Yaqub is a Senior Member of the University of Veterinary and Animal Sciences (UVAS), Lahore, 

Pakistan, and has over 25 years of scientific experience in controlling infectious diseases of livestock, 

including those caused by influenza viruses. Tahir did a postdoc at the Institute of Public Health, United 

Kingdom, and his research interests include investigating the biological health risks of various agents in 

public and animal health. His laboratory has postgraduate students with expertise in molecular biology 

and serves as a hub for training. Currently, Tahir is investigating the prevalence and control of various 

diseases of public health importance. 

Abu Saeed Hashmi, Ph.D., is a well-known academician, researcher, and mentor in the field of 

Biochemistry. Abu’s major area of research is in the bioconversion of agricultural/industrial waste to 

value added products. Abu has supervised many postgraduate students and has contributed significantly 

to this field. His work on bioconversion, Alfa toxins, bio-wastes, and production of biomass has been 

published and widely cited in many prominent research journals. 

Panupong Thammachoti graduated from the University of Texas at Arlington, USA, in the Quantitative 

Biology Program (Ecology and Systematics). Panupong’s work used multiple approaches including 

morphology, molecular phylogeny, and ecology, for solving taxonomic problems. As a lecturer at 

Chulalongkorn University, Thailand, he is interested in several research topics focusing on the diversity 

of amphibians and reptiles. Panupong has several scientific recognitions, such as a scholarship from the 

Human Resource Development in Science Project (Science Achievement Scholarship of Thailand, SAST); 

International Training Course-New Trends and Methodology in Animal Ecology and Conservation 

Biology; International Society of Zoological Sciences, Beijing, China; The Professor Dr. Tab Nilanidhi 

Foundation Award for outstanding academics, Faculty of Science, Chulalongkorn University; and the 

best oral presentation award, JSPS CORE-TO-CORE PROGRAM at the 5th International Symposium 

on Asian Vertebrate Species Diversity, Thailand. 

211 December 2019 | Volume 13 | Number 2 | e205 


